Abstract-This paper reports the results of comparative studies of the abrasive and fretting wear resistance of specimens manufactured by the method of selective laser melting and casting. The materials of specimens are powdered CoCrMo cobalt refractory alloy and the cast KKhS D cobalt based alloy.
INTRODUCTION
The essence of selective laser melting (SLM) con sists of the alternating deposition of a powder material layer and its melting with a laser beam [1] [2] [3] . This tech nology enables the creation of uniquely shaped articles based on three dimensional computer models in one technological cycle and eliminates many geometric limitations of consecutive metal working processes, which usually partially reduce the functionality of a part or complicate the process of assembling [4] [5] [6] . The use of SLM decreases the time of manufacturing and the primecost of figurine shaped parts in individual and small lot due to the absence of the special tool creation stage and the reduction of the number of process stages, and the wide spectrum of powder materials and the uni versality of laser processing provide the possibility of synthesizing new materials and coatings [4] [5] [6] [7] .
Refractory cobalt based alloys are a promising powder material [8, 9] . Figurine shaped parts manu factured by the SLM method from a powder material based on refractory cobalt alloys may find wide appli cation in aerospace, energetic, and machine building industries, as well as in the field of fine mechanics [10] [11] [12] . New studies of the surface strength charac teristics of parts manufactured by the SLM method and the further development of this technology with the purpose of obtaining ensured material properties is an urgent problem of contemporary machine building [13, 14] .
This work reports the results of studying the abra sive and fretting wear resistance of refractory cobalt alloys obtained by the SLM method. Fretting wear is the mechanical wear of bodies that are in contact under the conditions of small relative tangential dis placements [15] . The amplitude of displacements in fretting range from 0.025 μm to 0.5 mm. Fretting damages riveted, threaded, splined, keyed, and pinned joints; heavy shrink fittings of parts; steel ropes, hinges, couplings, springs, valves, electric contact controllers, camshaft mechanisms, helicopter rotor swashplates, and gas turbine engine parts.
The aim of this work is to study the abrasive and fretting wear resistance of specimens manufactured by the SLM method from a refractory cobalt alloy.
MATERIALS AND METHODS
The selected initial material for manufacturing experimental specimens and parts was refractory CoCrMo alloy powder obtained by gas atomization with the following composition: Co, 60-65%; Cr, 26-30%; Mo, 5-7%; Si, Mn, <1%; Fe, <0.75%; C, <0.16%; Ni, <0.10%. Figurine shaped parts and experimental specimens were manufactured at opti mal SLM parameters (Table 1) 
The experimental specimens manufactured by SLM were subjected to the following thermal treat ment: 5 h in air at 500°C, 3 h in air at 730°C, and 2 h in vacuum at 1050°C.
The mechanical properties, such as ultimate ten sion strength, ultimate yield strength, and relative elongation, were estimated by GOST Standard) 4647-80 on a Walter and Bai PH 50 test machine (Switzerland). The hardness of experimental specimens was studied by the standard method on an ERCOTEST DIGI 25RS automatic hardness tester. The abrasive wear resistance was determined on a kaloMAX NT high sensitive instrument (Germany) in compliance with the scheme shown in Fig. 1a . The counterbody is a steel ball (100Cr6, DIN classifica tion) 30 mm in diameter. The friction distance was 1400-1500 m, the normal load on the specimen was 0.54 N, and the test time was 30 min. Abrasion suspen sion was periodically dosed in the region of contact. The result of friction and wear was the formation of a crater on the surface of a specimen (Fig. 1b) .
The wear rate was calculated by the formula
where V r is the wear coefficient, m 3 /(m N); h is the crater depth, m; r is the ball radius, m; S is the friction distance, m; and F K is the normal load, N.
The contact interaction of parts manufactured by SLM from CoCrMo alloy powder under the condi tions of fretting wear was simulated on a special setup for the fretting wear testing of specimens by the ballplane scheme. The technical characteristics of this setup are given in Table 2 , and its principal scheme is shown in Fig. 2 .
Counterbody 5 (Fig. 2) shaped as a steel ball (ShKh15, HRC 5961) with a diameter of 12.7 mm is in contact with the plane of specimen 4. To provide the maximal vibroinsulation of tested specimen 4, mechanical system 10 was placed on a massive base with a weight of 300 kg. Specimen 4 and strain gauge beam 3 are fixed on a separate base with a weight of 250 kg.
The setup operates as follows. Specimen 4 is fixed in the clamp of specimen holder 2, and counterbody 5 is placed into holder 8. Spring 9 creates a normal con tact load controlled by a force gauge. Tangential alter nating contact loads are created by oscillation genera tor 10.
The growth of the relative slip in contact, the wear of a contact spot, and the shape of a hysteresis loop were taken as fretting wear resistance criteria.
To automatize the measurement and recording of tangential microdisplacement oscillograms (recording of signals in certain time intervals), a hardware soft ware complex consisting of a measuring attachment, a program for controlling the measurement process, and a module for processing the received signals was used.
An analog to digital converter based on a K155IP22 integrated microchip and USB of a BM8020 oscillo graph was used as a measurement attachment for studies. The measurement instrument based on a K155IP22 integrated microchip provides the simultaneous mea surement of the signals from the displacement trans ducers and the friction force with a rate of 650 mea surements per second.
The instrument operates under the control of a spe cial monitoring program. Since a measuring signal must be controlled for a rather long time period, the monitoring program allows the measurements to be 
